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Description 

BACKGROUND OF THE INVENTION 

The present invention relates generally to battery 
systems and more particularly to battery systems of 
the type which include a battery pack having a set of 
rechargeable batteries and electronic circuitry for 
monitoring battery parameters. 

A battery system which includes a battery pack 
with a microprocessor is disclosed in U.S. Patent No. 
4,289.836 to Lemelson. The microprocessor monitors 
battery parameters such as the state of battery 
charge, number of charging cycles, battery tempera¬ 
ture. and battery pressure. The microprocessor may 
also be used to control a display for the battery para¬ 
meters. The battery pack is coupled to a simple power 
supply for recharging purposes. 

Another battery system which includes a battery 
pack with a microprocessor is disclosed in U.S. Patent 
No. 4.553.081 to Knenck. The microprocessor moni¬ 
tors battery operation to determine remaining battery 
capacity and counts the number of shallow discharg¬ 
es and successive recharging cycles to estimate de¬ 
terioration of the battery. Circuitry within the battery 
pack occasionally causes a discharge of the battery 
to determine present battery capacity. The micropro¬ 
cessor and other circuitry require little operating pow¬ 
er so thatthe shelf-like of the battery pack is long. The 
microprocessor is also coupled to a display for indi¬ 
cating battery capacity and other information ob¬ 
tained from the battery. The battery pack also in¬ 
cludes several I/O ports to communicate with a port¬ 
able computer terminal device and a battery charger. 

US. Patent 4,455,523 of Koenck refers to a bat¬ 
tery monitoring system, the processor of which has a 
single "low power standby "sleep" mode with self 
wakeup". The power supplied to the processor circui¬ 
try is continuous and not controlled by a separate 
power switch. 

SUMMARY OF THE INVENTION 

It is a general object of this invention to provide a 
new and improved battery system in order to mini¬ 
mize power dissipation by electronic circuitry. 

It is an object of this invention to provide a battery 
system for use with a battery powered device said 
system comprising : 

a) a battery pack, said battery pack including: 

i) a plurality of battery cells ; 

ii) positive and negative terminals serially cou¬ 
pled to said battery cells, said positive termi¬ 
nal being adapted to deliver output current to 
a load and receive input current in the direc¬ 
tion of charging current; 

iii) circuit means for sensing current flowing 
through said battery cells and said positive 


and negative terminals and producing an out¬ 
put signal related to the state of charge of said 
battery cells; 

b) a display means which is separate from said 
5 battery pack and said battery powered device, 

for producing a display indicating the state of 
charge of said battery cells in accordance with 
said output signal, 
characterized in that: 

io said output signal is an analog output signal; 

and said circuit means includes a central processing 
unit which is operable in a light-sleep mode, a deep- 
sleep mode and an awake mode, whereby 
during the light-sleep mode power is disconnected 
is from most of the electronic circuitry within the central 
processing unit, and during the deep-sleep mode no 
power is supplied to said central processing unit, said 
deep-sleep mode being achieved by transmitting a 
reset pulse from said central processing unit to a latch 
20 thus opening a switch and thereby preventing the de¬ 
livery of power to said central processing unit. 

Various features and advantages will appear 
from the description to follow. In the description, ref¬ 
erence is made to the accompanying drawing which 
25 forms a part thereof, and in which is shown by way of 

illustration a specific embodiments for practicing the 
invention. 

These embodiments will be described in suffi¬ 
cient detail to enable those skilled in the art to prac- 
30 tice the invention, and it is to be understood that other 
embodiments may be utilized and that structural 
changes may be made without departing from the 
scope of the invention. The following detailed descrip¬ 
tion is therefore not to be taken in a limiting sense, 
35 and the scope of the present invention is best defined 
by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Fig. 1 is a simplified circuit diagram of a battery 

pack and an associated battery charger accord¬ 
ing to this invention; 

Fig. 2 is a more detailed circuit diagram of the bat¬ 
tery pack of Fig. 1; 

45 Fig. 3 is a timing diagram illustrating digital com¬ 

munication between the battery charger and bat¬ 
tery pack of Fig. 1; 

Fig. 4 is a schematic circuit diagram of an ampli¬ 
fier within the battery pack; 

so Fig. 5 is a flow chart illustrating operation of a mi¬ 

croprocessor and the other electronic circuitry of 
Fig. 2; 

Fig. 6 is a simplified circuit diagram of the battery 
pack shown in Fig. 1, an attachment for use with 
55 the battery pack for displaying the charge in the 
batteries in the battery pack and a device being 
powered by the battery pack 10; 

Fig. 7 is a detailed circuit diagram of the display 
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unit in the attachment in Fig. 6; and 
Fig. 8 is a simplified circuit diagram of a modifi¬ 
cation of the attachment shown in Fig. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


Referring now to the figures in detail wherein like 
reference numerals indicate like elements throughout 
the several views, Fig. 1 illustrates in simplified sche¬ 
matic form a battery pack 10 and an associated bat¬ 
tery charger 11. Battery pack 10 includes a plurality 
of rechargeable battery cells 12 and, by way of exam¬ 
ple, there are ten to twelve such cells of the nickle 
cadmium type, each cell being 1.2 volts. Collectively, 
battery cells 12 may have a capacity of either two am¬ 
pere-hours or four ampere-hours. Battery pack 10 
further includes a connector 13 having positive termi¬ 
nal 14 and a negative or return terminal 16 to receive 
charging current from and return charging current to 
battery charger 11. The positive terminal 14 also can 
deliver current to a load (not shown). 

When battery cells 12 deliver current to the load, 
the current flows in the direction indicated by an arrow 
18. Conversely, when battery cells 12 are charged, 
current flows in the direction indicated by an arrow 19. 
Either current develops a voltage across a resistor 20 
which is connected in series with the battery termi¬ 
nals and cells. To minimize power dissipation in the 
resistor 20, the resistor is small, for example, 0.025 
ohms. 

Battery pack 10 further includes electronic circui¬ 
try 21 for monitoring battery parameters, electronic 
circuitry 21 being illustrated in more detail in Fig. 2. 
circuitry 21 includes a differential amplifier 22 which 
has inputs connected across the resistor 20 to sense 
the instantaneous charge or discharge current. The 
output of amplifier 22 is applied through a switch 23 
and a buffer amplifier 25 to the input of an A/D con¬ 
verter 31 within a CPU 28. As described in more detail 
below, CPU 28 reads the output of A/D converter 21 
to determine the state of charge of the battery cells 
based on the measured charge and discharge cur¬ 
rents. 

In order to minimize power dissipation by elec¬ 
tronic circuitry 21, CPU 28 is a type which is capable 
of entering into a non-functional "light-sleep” mode in 
which power is disconnected from most of the elec¬ 
tronic circuitry within CPU 28 and CPU 28 cannot 
monitor battery parameters. Motorolla Model 
MC68HC11 is such a type. CPU 28 is programmed to 
enter into the light-sleep mode when there is neither 
charging nor discharging activity for predetermined 
period, for example, one hour. A timer 101 within CPU 
28, which may comprise a register incremented with 
the passage of time, measures the inactive time as 
described in more detail below. CPU 28 includes a 
non-volatile RAM 60 which stores battery parameter 


at indicating the amount of discharge of the battery 
cells 12, the number of discharge and recharging cy¬ 
cles, the highest temperature that either the battery 
cells or the battery system 10 has ever experienced, 
5 and the type and serial number of the battery. During 
the light-sleep, power is supplied to a timer 62 exter¬ 
nal to the CPU which periodically ”wakes-up" the en¬ 
tire CPU 28 every 250 milliseconds to enable CPU 28 
to lead the output of the A/D converter 31 to determine 
io the amount of instantaneous charge or discharge cur¬ 
rent, if any. If amplifier 22 indicates battery dis¬ 
charge, the CPU approximates the amper-hour dis¬ 
charge during the previous 250 millisecond interval. 
By way of example, to estimate the amount of dis- 
15 charge between the readings, CPU 28 may multiply 
the discharge current times 250 milliseconds. Then, 
CPU 26 calculates the remaining charge in the bat¬ 
tery cells 12 by subtracting the amount of discharge 
between the readings from the battery charge calcu- 
20 lated at the previous reading. 

When awake, CPU 28 also monitors the temper¬ 
ature of the battery cells by commanding selection 
decoder 61 via lines 63 to activate a switch 65 coupled 
to temperature sensor 67 so that the signal provided 
25 by temperature sensor 67 is supplied to the input of 
buffer 25. Simultaneously, CPU 28 directs decoder 
61 to disable switch 23 via gate 73. CPU 28 then 
reads the temperature from the A/D converter. Next, 
CPU 28 activates switch 75 by appropriate com- 
30 mands on lines 63 to interconnect battery pack, sur¬ 
face temperature sensor 77 to the input of buffer 25 
while simultaneously disabling switches 23 and 65. 
Next, CPU 28 enables switch 79 to interconnect the 
positive terminal 14 of the battery pack via a voltage 
35 divider 81 to the input of buffer 25 while disabling the 
other switches so that CPU 28 can monitor the com¬ 
bined voltage of the battery cells. Then, CPU 28 ac¬ 
tivates a switch 87 to interconnect a voltage tap 85, 
which sensors the voltage of half of the battery cells, 
40 to the buffer 25 via a voltage divider 69 while disabling 

the other switches. 

During the light-sleep and functional modes of 
operation, power is supplied to CPU 28 via a switch 
68 and a buffer amplifier 69. CPU 28 continuously re- 
45 peats the foregoing cycles of light-sleep and periodic 
awakening until either CPU 28 detects charging or 
discharging activity, or the cell voltage drops below a 
predetermined level. If the voltage drops below this 
low level, CPU 28 transmits a reset pulse to a latch 
so 66 which opens the switch 68 and thereby prevents 
the delivery of power to CPU 28. Consequently, CPU 
28 enters into a "deep-sleep" mode. By way of exam¬ 
ple, during light-sleep CPU 28 draws approximately 
20 % of the power that it draws during the functional, 
55 "awake" mode, and during "deep-sleep", CPU 28 
draws essentially no power. However, as noted 
above, during deep-sleep, the data is retained in the 
non-volatile RAM 60. 
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During the light-sleep and deep-sleep modes, 
power is still applied to the amplifier 22 and to com¬ 
parators 70 and 72, whicn amplifier and comparators 
are capable of awakening CPU 28 from either deep- 
sleep or light-sjeep during charging or discharging. An 5 

input of each of the comparators is connected to the 
output of the amplifier 22. The other, negative input 
of comparator 70 is provided with a threshold voltage 
determined by the magnitude of resistors 74 and 76 
in relation to the magnitude of resistor 78. The other, io 
positive input of comparator 72 is provided with a 
threshold voltage determined by the magnitude of re¬ 
sistor 76 in relation to the magnitudes of resistors 74 
and 78. 

When the battery system is connected to a load. is 
a voltage develops across the resistor 20. The voltage 
is sensed by the amplifier 22 and applied to the com¬ 
parator 70. If the voltage is above the threshold level, 
comparator 70 transmits a binary 1 set signal to the 
latch 66 via OR gate 80. This resumes the supply of 20 
power to CPU 28 if it was in deep-sleep. Comparator 
70 also transmits a binary 1 signal to interrupt port 83 
of the CPU via OR gates 82 and 84. This awakens 
CPU 28 from light-sleep if it was in light-sleep and di¬ 
rects CPU 28 to read the A/D converter and thus, the 25 
discharge current. CPU 28 remains in the functional, 
awake mode for a predetermined period in which it 
continously monitors the discharge. After the prede¬ 
termined period which, for example, is one hour after 
the cessation of discharge, CPU 28 returns to the 30 
light-sleep and periodic* awakening mode in which 
timer 62 is used to awaken CPU 28. One reason that 
both timer 62 and comparator 82 are used to awaken 
CPU 28 from light-sleep is that the comparator is pre¬ 
ferably a CMOS or other low power type and may not 35 

be sensitive to small discharge currents while the am¬ 
plifier 22 is sensitive and the timed awakening is use¬ 
ful to monitor such small discharge. 

Battery charger 11 includes a source 92 of vol¬ 
tage and an electronic switch 94 which couples vol- 40 
tage source 92 to the positive terminal 14 of battery 
pack 10. Thus, when battery charger 11 delivers cur¬ 
rent to positive terminal 14, current flows into battery 
cells 12 and across resistor 20 in the direction indicat¬ 
ed by arrow 19, as noted above. A corresponding vol- 45 
tage is developed across the input of amplifier 22 and 
comparator 72. This voltage is greater than the 
threshold voltage of comparator 72 so that the com¬ 
parator supplies a binary 1 set pulse to latch 66 via 
OR gate 80 which resumes the supply of power to so 
CPU 28 (if it was in deep-sleep) via switch 68 and buf¬ 
fer 69. Comparator 72 also supplies a binary 1 signal 
to interrupt port 83 via OR gates 82 and 84. As noted 
above, the signal applied to interrupt port 83 awakens 
CPU 28 from light-sleep if it was In light-sleep and di- 55 
rects the CPU to read the A/D converter. Comparator 
72 also outputs to a serial data input port 99 via OR 
gate 10 V, and if A/D converter 31 indicates that the 


battery is receiving current in the polarity of charge. 
CPU 28 reads the serial data input port 99. 

As illustrated in Fig. 3, when battery pack 10 is 
installed in battery charger 11. the battery charger 
can transmit a code 102 to CPU 28 requesting spe¬ 
cific battery parameter data by delivering current 
pulses 104 into the positive terminal 14. The current 
pulses cause voltage pulses to develop across resis¬ 
tor 20 and at the outputs of amplifier 22 and compar¬ 
ator 72. These voltage pulses, as noted above, are 
supplied to the serial data input port 99 of CPU 28. 
Thus, CPU 28 is awakened by the onset of the first 
pulse 104 of code 102 by setting of latch 66 (if nec¬ 
essary) and activation of interrupt port 80, and alerted 
to read the subsequent data. By way of example, the 
code 102 includes a start bit, a stop bit, and 8 inter¬ 
vening data bits specifying the requested battery 
parameter data. Code 102 instructs CPU 28 to trans¬ 
mit battery parameter data to the logic and micropro¬ 
cessor (mp) circuitry 96 within battery charger 11. 
This data is the data contained within the non-volatile 
RAM 60 and, as noted above, includes the amount of 
discharge of the battery, the battery capacity, the 
number of charging/recharging cycles, the highest 
battery cell or surface temperature that the battery 
has experienced, the type of battery, and the serial 
number of the battery. CPU 28 transmits the request¬ 
ed information by outputting serial data pulses 108 
from output port 120 and through FET buffer 122 and 
battery pack port 124. The data is received by battery 
charger 11 at input port 126. Then, battery charger 11 
may request additional information by transmitting 
the respective code into positive terminal 14. 

CPU 28 is also programmed to transmit all of its 
battery parameter data to output port 124 in a prede¬ 
termined order after the onset of receipt of charge 
current 127 if no specific data request current is re¬ 
ceived. 

After battery charger 11 receives all the data it re¬ 
quires, it charges battery cells 12 by delivering charg¬ 
ing current to positive terminal 14 in accordance with 
the state of charge of the battery cell 12, the type of 
battery, and the temperatures of the cells and battery 
pack surface. For example, if the battery is substan¬ 
tially discharged and within a safe charging tempera¬ 
ture range, charger 11 supplies a maximum charging 
current However, if battery cells 12 are nearly fully 
charged or above the temperature range, then charg¬ 
er 11 supplies a lesser current Charging techniques 
suitable for the battery pack 10 and battery charge 11 
are described in U.S. Patent 4,849,682 entitled "Bat¬ 
tery Charging System" issued July 18, 1989 to 
George W. Bauer et at and U.S. Patent N° 4,554,500 
to Sokira issued November 19,1985. 

It should be appreciated that positive terminal 14 
serves to route operating current from battery cells 
12 to an actual load, route data from battery charger 
11 to CPU 28 and route charging current from the bat- 
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tery charger to battery cells 12. 

During charging of the battery pack 10, CPU 28 
- - - is-continuously awake and functional to accurately 
monitor the charging current 

Electronic circuitry 21 further includes a commu¬ 
nication link 130 comprising a zener diode 132, input 
resistors 134 and 136 and transistor 137 which link re¬ 
ceives data to port 124 and transmits it to the serial 
data input port 99 of CPU 28 via OR gate 10V. This 
communication link may be used at the factory or dur¬ 
ing service to transmit a code to the CPU to elicit 
types of battery chargers may not be equipped to 
transmit data to the CPU via port 124 and communi¬ 
cation link 130 so that transmission of a data request 
into terminal 14 either by a specific data code or by 
the onset of charging current is important. 

Battery pack 10 may also include an LCD bar 
graph 140 which receives information from CPU 28 
via lines 142 indicating the amount of charge remain¬ 
ing in the batteries and displays this information. 

CPU 28 also outputs through an eight bit D/Acon- 
verter 143 via line 144 an analog signal representing 
the charge remaining in the batteries. The signal ap¬ 
plied to D/A converter 143 is obtained from a register 
in CPU 28 (not shown) which is incremented up or 
down as the batteries 12 charge or discharge, respec¬ 
tively. The register carries a hexidecimal value of 1.0 
which is equivalent to a decimal value of 16. Thus, for 
example, when batteries 12 are 50% discharged the 
register will carry a value of 8. The output signal is a 
DC voltage with 16 discrete steps from 0 to 5 volts 
with zero volts being empty and five volts being full 
charge. The signal is sent through a switch 146 to a 
sample and hold circuit 148 and from there to an out¬ 
put fuel gauge port 150 on connector 13. The analog 
output signal at port 150 of the battery pack 10 may 
be transmitted to a meter which may be incorporated 
within a video camera or other device powered by bat¬ 
tery pack 10 or may be transmitted to a display unit 
separate from battery pack 10 and the device being 
powered by battery pack 10 as will hereinafter be de¬ 
scribed. The output of sample and hold circuit 148 is 
also fed back to A/D converter 91 over line 151 for cal¬ 
ibration purposes. 

Figs. 5(a) and 5(b) form a flow chart illustrating 
the operation of CPU 28 and associated circuitry. To 
begin the operation, the system is powered-up by the 
application of power to CPU 28 (step 200) by setting 
of latch 66 as noted above. Then, the CPU starts the 
timer 62 (step 202) by transmitting a pulse on line 205 
and enters into the non-functional, light-sleep mode 
(step 203). Next, a pulse is applied to interrupt port 83 
either by the timer, comparator 70 or comparator 72 
(step 204). As noted above, comparator 70 transmits 
such a pulse to interrupt port 83 upon discharge of the 
battery and comparator 72 transmits such a pulse to 
interrupt port 83 upon charge of the battery. After any 
of the three events, CPU 28 awakens from the light 


or deep-sleep, reads the temperature sensors 67 and 
77, the full battery voltage, and the half battery vol¬ 
tage to determine if the battery is within safe operat¬ 
ing limits (steps 206 and 208). Next CPU 28 reads 
s the charge or discharge current by reading A/D con¬ 
verter 31 (step 210). If no current is flowing at the 
time, CPU 28 determines whether the overall battery 
voltage is less than the low, cut-off level which repre¬ 
sents the Specified usable limit of the battery pack 
io (step 214). If the battery voltage is below this level, 
the CPU transmits a rest pulse on line 216 to latch 66 
to power-down CPU 28. If not, CPU 28 loops back to 
step 202 to start the timer again. 

Returning to step 212, if current was flowing at 
is the time, CPU 28 determines whether the current is 
in the charge or discharge mode (step 218) by reading 
the output of A/D converter. If in the charge mode, 
CPU 28 proceeds to step 220 in which it determines 
whether data is being transmitted into terminal 14. If 
20 so, the CPU reads the data (step 227) and in re¬ 
sponse, transmits the requested information via out¬ 
put port 124 (step 224). If, on the other hand, the 
charging current was simply charging current and did 
not contain variable data. CPU 28 proceeds from step 
25 220 to step 226 in which it transmits all relevant data 

in a predetermined order to output port 124. After the 
transmission of data in either step 224 or step 226, 
CPU 28 calculates the amount of charge of the bat¬ 
tery pack (step 230). 

30 Returning again to step 218, if amplifier 22 indi¬ 

cated that the battery is being discharged instead of 
charged, step 216 leads to step 232 in which CPU 28 
calculates the amount of discharge of the battery 
cells (step 232). 

35 After either of steps 230 and 232, CPU 28 up¬ 
dates the LCD display 140 and the sample and hold 
circuit 148 with the current state of charge of the bat¬ 
tery (step 234). 

Next, CPU 28 again monitors the temperature 
40 sensors 67 and 77 and the full battery voltage and 
half battery voltage (steps 236 and 238). CPU 28 also 
stores data indicating the extreme temperatures and 
voltages to which the battery pack has been exposed 
(step 240). Then, CPU 28 resets the timer 101 (step 
45 241). 

Next, CPU 28 reads the output of A/D converter 
31 to determine if there is additional current flowing 
through the battery cells (step 242), and if so, loops 
back to the step 218 to monitor the charge or dis- 
so charge as the case may be. If not, CPU 28 loops from 
step 242 to a step 244 in which it updates the timer 
101. Until the timer times out as noted in step 245, 
step 245 leads back to step 242 in which CPU 28 
reads the output of A/D converter 31 to determine if 
55 current is flowing. Thus, if no current flows for the dur¬ 

ation of the timer, for example, one hour, then step 
245 leads back to step 202 in which CPU 28 starts 
timer 62 and enters again into the light-steep mode. 
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As noted above, this conserves power because most 
of the power to CPU 28 is turned off until the interrupt 
pulse is generated at the interrupt port 83 in step 204. 

This begins another iteration of the flow chart 

Fig. 4 illustrates one type of design for the ampli¬ 
fier 22. According to this design, the amplifier is a 
switching type and includes associated circuitry as 
follows. One side of resistor 20 is connected to a pos¬ 
itive input of an amplifier 222 via a switch 150 and a 
series capacitor 152. The other side of resistor 20 is 
connected to the same input of amplifier 122 via a 
switch 156 and the capacitor 152. The output of am¬ 
plifier 222 is supplied through another series capac¬ 
itor 158 to the switch 23 en route to buffer 25 and A/D 
converter 21 of CPU 28. To calibrate amplifier 222, 
the CPU directs the selection decoder 61 to transmit 
a binary 1 calibrate pulse ("CAL”) to the input of inver¬ 
ter gate 161 and a binary 1 pulse to AND gate 73. Con¬ 
sequently, a binary zero pulse is sent to the inputs of 
NAND gate 160 and AND gate 164, and switch 156 is 
opened and switch 150 is closed. A square wave clock 
168 supplies the other inputs of NAND gate 73. Con¬ 
sequently, a reference voltage of the battery pack is 
supplied through switch 150 to a first side of capacitor 
152. The other side of capacitor 152 is connected be¬ 
tween resistors 170 and 172 which are identical to 
each other. The resistor 172 is connected to so 
that a zero current reference voltage of is sup¬ 
plied to the positive input of amplifier 222. Resistors 
176 and 178 are identical to the resistors 170, 172, 

176 and 178 are provided to center the zero current 
so that the A/D converter can indicate both positive 
and negative voltages associated with charging and 
discharging current. Then, when the clock outputs a 
positive pulse to input 151 of gate 73, switch 23 sup¬ 
plies the reference voltage to A/D converter 31 via 
buffer 25. CPU 28 reads and stores the reference vol¬ 
tage. 

It should also be noted that amplifier 222 is ca¬ 
pable of two voltage gain ranges. When a transistor 
180 is deactivated by a binary zero signal from port 
182 of the CPU, the amplifier provides relatively low 
gain because a resistor 184 received all the feed back 
current However, when a binary 1 signal is supplied 
from port 182. the amplifier provides the relatively 
high gain because resistor 184 is in parallel with a re¬ 
sistor 186. Capacitor 188 ensures that amplifier 22 
amplifies only AC signals. The CPU selects the gain 
to best ultilize the range of the amplifier and A/D con¬ 
verter. 

Next, CPU 28 directs the selection decoder 61 to 
deliver a binary 1 signal to NAND gate 160 and AND 
gate 164 by transmitting a binary zero pulse to inver¬ 
ter gate 161 so that the voltages at each end of resis¬ 
tor 20 are sequentially supplied to the first side of ca- 55 

pacitor 152 and the resultant, centered voltages are 
applied to the positive input of amplifier 222. The out¬ 
put of amplifer 222 is smoothed by a capacitor29 (Fig. 


2 ) and indicates the voltage across resistor 20 due to 
either charge or discharge of the battery cells. The 
voltage is read by CPU 28 at the output of the A/D con¬ 
verter. 

It should be noted that a non-switching amplifier 
may be utilized for amplifier 22. 

Referring now to Fig. 6 there is shown a simpli¬ 
fied schematic view of battery pack 10, a device 249 
to be powered by battery pack 10 and an attachment 
250 for electrically and mechanically coupling battery 
pack 10 to device 249 and providing a display of the 
charge remaining in batteries 12. Device 249 may be, 
for example, a television camera. 

Attachment 250 comprises a bracket 252 and a 
display unit 254. 

Bracket 252 is attached by any suitable means 
such as screws (not shown) to the housing on device 
249. Bracket 252 is adapted to be detachably mount¬ 
ed by any suitable means such as screws (not shown) 
to the housing of battery pack 10. 

Bracket 252 has an electrical connector 256 
which includes a positive input terminal 258, a nega¬ 
tive input terminal 260 and a fuel gauge input terminal 
262 which are intended to connect to ports 14,16 and 
150, respectively on battery pack 10. Conductors 264 
and 266 connect terminals 258 and 260, respectively, 
to the positive and negative terminals 268 and 270, 
respectively, on device 249. 

An LED display unit 272 having a positive input 
terminal 273, a negative input terminal 274 and a fuel 
gauge input terminal 276 is electrically connected to 
input terminals 258, 260 and 262 through a cable 277 
made up of having three wires 278,280 and 282. Dis¬ 
play unit 272 may be removably mounted on device 
249 at a desired location using straps 284 having 
pads of hooks and loops (i.e. Velcro) or other suitable 
means. 

Referring now to Fig. 7 there is shown a detailed 
circuit diagram of display unit 272. 

As can be seen, LED display unit 272 includes a 
bank of ten LED's 286 which are driven by a bar graph 
driver 288. Bank of LED's 272 may be, for example, 
a Hewlett Packett Model Number HLCP-J100 unit. 
Bar graph-driver 288 may be, for example, a National 
Semiconductor chip number LN4M 3914N. Bar graph 
driver 288 is basically a group of ten voltage compar¬ 
ators, the reference of each of which is tied to one of 
the taps on a voltage divider having ten taps. 

Display unit 272 further includes associated cir¬ 
cuitry, the associated circuitry comprising a noise fil¬ 
tering capacitor 290, a capacitor 292 and resistor 294 
which also serve to filter out noise, a three terminal 
5 volt regulator 296 which outputs 5 volts at its output 
terminal 298, a potentiometer 300 which sets the high 
end of the reference voltage divider string in bar graph 
driver 288 and a resistor 302 which is used to set the 
reference output current. 

In use the state of charge is determined by the 
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number of LED's that are lit, the number being lit being 
a function of the analog voltage received from fuel 
gauge port 150 on battery pack 10. 

As can be appreciated, attachment 250 is intend¬ 
ed to be used with battery pack 10 when battery pack 5 

10 is supplying power to a battery powered device 
which is not equipped to receive the analog signal 
from port 150 and then produce a reading corre¬ 
sponding to the battery charge; however, attachment 
250 can also be used, it desired, with battery pack 10 
when it is not connected to a battey powered device 
(i.e. is sitting on the shelf etc.). 

Referring now to Fig. 8 there is shown a modifi¬ 
cation of attachment 250 wherein the display unit is 
on the bracket rather than being remote from the 
bracket, the attachment in the modification being 
identified by reference numeral 304. Attachment 304 
includes a bracket 306 having a connector 308 which 
is identical to connector 256. A display unit 310 which 
is identical to display unit 272 is mounted in bracket 
306 and connected to connector 308 by a three wire 
cable 312 which is similar to cable 277 but shorter in 
length. Bracket is adapted to be detachably mounted 
on battery pack 10 by any suitable means. As can be 
appreciated, attachment 304 is intended to be used 
with battery pack 10 when it is not connected to a bat¬ 
tery powered device. 

Claims 30 

1. A battery system for use with a battery powered 
device (249) said system comprising : 

a) a battery pack (10), said battery pack in¬ 
cluding : 35 

i) a plurality of battery cells (12); 

ii) positive (14) and negative (16) terminals 
serially coupled to said battery cells (12), 
said positive terminal (14) being.adapted 

to deliver output current (18) to a load and ao 
receive input current (19) in the direction of 
charging current; 

iii) circuit means (21) for sensing current 
flowing (18,19) through said battery cells 

(12) and said positive (14) and negative 45 

(16) terminals and producing an output 
signal (150) related to the state of charge 
of said battery cells (12); 

b) a display means (272) which is separate 

from said battery pack (10) and said battery so 

powered device (249), for producing a display 
indicating the state of charge of said battery 
cells (12) in accordance with said output sig¬ 
nal (150), 

characterized in that: 55 

said output signal is an analog output signal 
(150); 

and said circuit means (21) includes a central 


processing unit (28) which is operable in a light- 
sleep mode, a deep-sleep mode and an awake 
mode, whereby 

during the light-sleep mode power is dis¬ 
connected from most of the electronic circuitry 
within the central processing unit (28), 

and during the deep-sleep mode no power 
is supplied to said central processing unit (28), 
said deep-sleep mode being achieved by trans¬ 
mitting a reset pulse from said central processing 
unit (28) to a latch (66) thus opening a switch (68) 
and thereby preventing the delivery of power to 
said central processing unit (28). 

2. The battery system of claim 1 characterized in 
that said display means (272) comprises a light 
emitting diode display unit (272). 

3. The battery system of claim 2 characterized in 
that said light emitting diode display unit (272) 
comprises a bank of light emitting diodes (286) 
and a bar graph driver (288) for driving said bank 
of light emitting diodes (286). 

4. The battery system of claim 1 characterized in 
that said display means (272) comprises a brack¬ 
et (252) and a light emitting diode display (286) 
mounted on said bracket (252). 

5. The battery system of claim 4 characterized in 
that the display means (272) further includes 
means (284) for removably attaching said brack¬ 
et (252) to a device (249) being powered by said 
battery pack (10). 

6 . The battery system of claim 5 characterized in 
that the display means (272) further includes in¬ 
put terminal means (258,260,262) for coupling 
said display means (272) to said battery pack 
(10) and output terminal means (268,270) for cou¬ 
pling said display means (272) to said device 
(249) to be powered by said battery pack (10). 

7. The battery system of claim 5 characterized in 
that the display means (272) comprises a light 
emitting diode display unit (310). 

8 . The battery system of claim 7 characterized in 
that the light emitting diode display means (272). 
includes a bank of light emitting diodes (286) and 
a driver (288) for driving said bank of lig ht emitting 
diodes (286). 

9. The battery system of claim 8 characterized in 
that said bank of light emitting diodes (286) com¬ 
prises ten light emitting diodes. 
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Patentanspruche 

1. Batteriesystem zurVerwendung mit einem batte- 

riebetriebenen Gerat (249), wobei das System 
umfadt: 5 

a) einen Batteriepack (10), wobei der Batte- 
riepack enthalt: 

i) eine Mehrzahl von Batteriezellen (12); 

ii) einen positiven (14) und einen negati- 

ven Anschlud (16), die mitden Batteriezel- io 

len (12) in Reihe geschaitet sind, wobei 
der positive Anschlud (14) adaptiert ist, 
um einen Ausgangsstrom (18) an eine 
Last zu liefern und einen Eingangsstrom 
(19) in der Richtung des des Ladestromes is 

zu empfangen; 

iii) eine Schaltungseinrichtung (21), die 
den durch die Batteriezellen (12) und den 
positiven (14) und negativen (16) An¬ 
schlud fliedenden Strom (18,19) abtastet 20 
und ein Ausgangssignal (150) erzeugt, 

das in Beziehung zu dem Zustand der La- 
dung der Batteriezellen (12) steht; 

b) eine Anzeigeeinrichtung (272), die von dem 

Batteriepack (10) und dem batteriebetriebe- 25 

nen Gerat (249) getrennt ist, zum Erzeugen 
einer Anzeige, die den Zustand der Ladung 

der Batteriezellen (12) nach Madgabe des 
Ausgangssignats (150) anzeigt, 
dadurch gekennzeichnet, dad 30 

das Ausgangssignal ein analoges Ausgangssi¬ 
gnal (150) ist 

und die Schaltungseinrichtung (21) eine zentrale 
Verarbeitungseinheit (28) umfadt, die in einem 
Leichtschlafmodus, einem Tiefschlafmodus und 35 

in einem Wachmodus betriebsfahig ist, wodurch 
wahrend des Leichtschlafmodus der Strom von 
den meisten elektronischen Schaltungen inner- 
halb der zentralen Verarbeitungseinheit (28) ge¬ 
trennt wird, 40 

und wahrend des Tiefschlafmodus der zentralen 
Verarbeitungseinheit (28) kein Strom zugefuhrt 
wird, wobei der Tiefschlafmodus zustandege- 
bracht wird, indem ein Ruckstellimpuls von der 
zentralen Verarbeitungseinheit (28) an ein Latch 45 

(66) gesendet wird, um so einen Schalter (68) zu 
offnen und dadurch die Zufuhr von Strom an die 
zentrale Verarbeitungseinheit (28) zu verhin- 
dern. 

so 

2. Batteriesystem nach Anspruch 1, dadurch ge¬ 
kennzeichnet, dad die Anzeigeeinrichtung (272) 
eine Lumineszenzdioden-Anzeigeeinheit (272) 
umfa&t. 

55 

3. Batteriesystem nach Anspruch 2, dadurch ge¬ 
kennzeichnet, dad die Lumineszenzdioden-An- 
zeigeeinheit (272) eine Reihenanordnung von 


Lumineszenzdioden (286) und einen Balkenan- 
zeigetreiber (288) umfadt, der die Reihenanord¬ 
nung von Lumineszenzdioden (286) treibt. 

4. Batteriesystem nach Anspruch 1, dadurch ge¬ 
kennzeichnet, dad die Anzeigeeinrichtung (272) 
einen Triger (252) und eine auf dem Trager (252) 
angebrachte Lumineszenzdiodenanzeige (286) 
umfadt. 

5. Batteriesystem nach Anspruch 4, dadurch ge¬ 
kennzeichnet, dad die Anzeigeeinrichtung (272) 
weitereine Einrichtung (284) umfadt, umden Tra¬ 
ger (252) an einem durch den Batteriepack (10) 
mit Strom versorgten Gerat (249) entfernbar zu 
befestigen. 

6. Batteriesystem nach Anspruch 5, dadurch ge¬ 
kennzeichnet, dad die Anzeigeeinrichtung (272) 
weiter eine Eingangsklemmeneinrichtung (258, 
260, 262), um die Anzeigeeinrichtung (272) mit 
dem Batteriepack (10) zu verbinden, und eine 
Ausgangsklemmeneinrichtung (268, 270) um¬ 
fa&t, um die Anzeigeeinrichtung (272) mit dem 
von dem Batteriepack (10) zu versorgenden Ge¬ 
rat (249) zu verbinden. 

7. Batteriesystem nach Anspruch 5, dadurch ge¬ 
kennzeichnet, dad die Anzeigeeinrichtung (272) 
eine Lumineszenzdioden-Anzeigeeinheit (310) 
umfadt. 

8. Batteriesystem nach Anspruch 7, dadurch ge¬ 
kennzeichnet, dad die Lumineszenzdioden-An- 
zeigeeinrichtung (272) eine Reihenanordnung 
von Lumineszenzdioden (286) und einen Treiber 
(288) umfadt, der die Reihenanordnung von Lu¬ 
mineszenzdioden (286) treibt. 

9. Batteriesystem nach Anspruch 8, dadurch ge¬ 
kennzeichnet, dad die Reihenanordnung von Lu¬ 
mineszenzdioden (286) zehn Lumineszenzdi¬ 
oden umfadt. 


Revendications 

1. SystSme de batterie destine a Stre utilise avec un 
dispositif (249) aliments par batterie, ledit syste¬ 
ms comprenant: 

a) un ensemble de batteries (10), ledit ensem¬ 
ble de batteries comprenant: 

i) une plurality de cellules de batterie (12); 

ii) des bornes positive (14) et negative (16) 
couplSes en sSrie auxdites cellules de bat¬ 
terie (12), ladite borne positive (14) etant 
adaptSe pour fournir un courant de sortie 
(18) e une charge et recevoir un courant 
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d’entrSe (19) dans la direction du courant 
de charge; 

iii) un moyen formant circuit (21) pour dS- 
tecter un courant (18, 19) passant dans 
lesdites cellules de batterie (12) et lesdites s 
bornes positive (14) et negative (16) et 
produisant un signal de sortie (150) liS S 
I’Stat de charge desdites cellules de batte¬ 
rie (12); 

b) un moyen d’affichage (272) qui est sSparS io 
dudit ensemble de batteries (10) et dudit dis- 
positif (249) aliments par batterie, pour pro¬ 
duce un affichage indiquant I’Stat de charge 
desdites cellules de batterie (12) en fonction 
dudit signal de sortie (150), is 

caractSrisS en ce que : 

(edit signal de sortie est un signal de sortie ana- 
logique (150); 

et ledit moyen formant circuit (21) comprend une 
units centrale de traitement (28) qui peut fonc- 20 
tionner dans un mode de sommeil ISger, un mode 
de sommeil profond et un mode de rSveil de ma- 
niSre que 

durant le mode de sommeil ISger, I’ame- 
nSe d’Snergie soit dSconnectSe de la plupart du is 
circuit Slectronique dans I’unitS centrale de trai¬ 
tement (28), 

et, durant le mode de sommeil profond, au- 
cune Snergie ne soitfournie S ladite units centra¬ 
le de traitement (28), ledit mode de sommeil pro- 30 
fond Stant atteint en transmettant une impulsion 
de remise & I’Stat initial depuis ladite units centra¬ 
le de traitement (28) vers un dispositif de 
verrouillage (66), ouvrant ainsi un commutateur 
(68), et empechant de cette fapon I'amenSe 35 
d’Snergie S ladite units centrale de traitement 
(28). 

2. SystSme de batterie selon la revendication 1, ca- 

ractSrisS en ce que ledit moyen d’aff ichage (272) 40 

comprend une units d’aff ichage S diode lumines- 
cente (272). 

3. SystSme de batterie selon la revendication 2, ca- 

ractSrisS en ce que ladite units d’affichage & dio- 45 
de luminescente (272) comprend une rangSe de 
diodes luminescentes (286) et un dispositif de 
commande & diagramme en batons (288) pour 
commander ladite rangSe de diodes luminescen¬ 
tes (286). so 

4. SystSme de batterie selon la revendication 1, ca- 
ractSrisS en ce que ledit moyen d'aff ichage (272) 
comprend un support (252) et un afficheur S dio¬ 
de luminescente (286) montS sur ledit support 55 
(252). 

5. SystSme de batterie selon la revendication 4, ca- 


ractSrisS en ce que le moyen d’affichage (272) 
comprend en outre un moyen (284) pour fixer de 
fagon amovibie ledit support (252) S un dispositif 
(249) aliments par ledit ensemble de batteries 
( 10 ). 

6. SystSme de batterie selon la revendication 5, ca- 
ractSrisS en ce que le moyen d’affichage (272) 
comprend en outre des moyens formant borne 
d’entrSe (258,260,262) pour coupler ledit moyen 
d’affichage (272) audit ensemble de batteries 
(10) et des moyens formant borne de sortie (268, 
270) pour coupler ledit moyen d’affichage (272) 
audit dispositif (249) devant Stre aliments par le¬ 
dit ensemble de batteries (10). 

7. SystSme de batterie selon la revendication 5, ca- 
ractSrisS en ce que le moyen d’affichage (272) 
comprend une units d’affichage & diode lumines¬ 
cente (310). 

8. SystSme de batterie selon la revendication 7, ca- 
ractSrisS en ce que le moyen d'aff ichage S diode 
luminescente (272) comprend une rangSe de dio¬ 
des luminescentes (266) et un dispositif de 
commande (288) pour commander ladite rangSe 
de diodes luminescentes (286). 

9. SystSme de batterie selon la revendication 8, ca- 
ractSrisS en ce que ladite rangSe de diodes-lumi- 
nescentes (286) comprend dix diodes lumines¬ 
centes. 
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